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SUMMARY 

F-15 rotary balance data have been analyzed, and the 

influence of control deflections, Reynolds number and air- 

plane components, i.e., body, wing, horizontal and vertical 

tails, as well as conformal tanks, on the aerodynamics up to 

90° angle of attack are discussed. Steady-state spin mode 

predictions using these data are presented, which show excel- 

lent correlation with spin tunnel and flight-test results. 

Generally, the data show damped yawing-moment slopes 

with rotation at all angles of attack, and good control effec- 

tiveness. Differences in the rotary aerodynamics due to the 

addition of conformal tanks are minimal. The small differ- 

ences in the region of the flat spin do, however, indicate 

that the resulting spin mode would be slightly flatter and 

faster for a conformal tank equipped airplane. The addition 

of conformal tanks also may make the airplane more departure 

susceptible. 

INTRODUCTION 

The NASA Langley Research Center is conducting an inves- 

tigation to determine the influence of the addition of 

conformal fuel tanks on the spin and recovery characteristics 

of the Air Force/McDonnell Douglas F-15 airplane. As part of 

this effort, rotary balance data were measured for a l/12- 

scale F-15 model, both with and without conformal fuel tanks, 

to provide a data base for the analysis of free-spinning 

model tests conducted at the Langley Spin Tunnel. Photo- 

graphs of the l/12-scale model installed on the rotary bal- 

ance located in the Langley Spin Tunnel are shown in figure 1, 

and a three-view drawing of the basic model is presented in 

figure 2. The conformal fuel tanks are installed on the out- 

board side of each engine nacelle, as shown in figure 3. 

A rotary balance is used to measure the forces and 

moments acting on an airplane model while it is subjected 



to steady rotational flow conditions. The model is mounted 

on an internal strain gauge balance, which is attached to 

the rotary balance apparatus. During testing, the forces and 

moments are measured while the model is rotated about a ver- 

tical axis at the center of the tunnel. 

Reference 1 contains the six-component rotary balance 

data measured for the.basic airplane, presented without anal- 

ysis, as well as a detailed description of the test equipment, 

the model, and the test procedures. The same information is 

presented.in reference 2 for the conformal tank configuration. 

An analysis of these data is presented herein, including the 

effect of control deflections, airplane components, and the 

influence of conformal fuel tanks. Additionally, comparison 

of the static aerodynamics measured during the rotary balance 

tests (at Rb/2V=O) with other static F-15 data, and a discus- 

sion of the Reynolds number effects are included. Steady- 

state spin modes are also predicted from the rotary balance 

data for the airplane, both with and without conformal tanks, 

and the results are compared to preliminary spin tunnel and 

flight-test results. 

SYMBOLS 

The units for physical quantities used herein are pre- 

sented in the International System of Units and U.S. Custom- 

ary Units. The measurements were made in the U.S. Customary 

Units; equivalent dimensions were determined by using the 

conversion factors given in reference 3. 

b wing span, m (ft) 

c mean aerodynamic chord, m (ft) 

5 rolling-moment coefficient, Rolling moment 
qSb 

'rn 
Pitching moment pitching-moment coefficient, ~ 

qsc 

'n yawing-moment coefficient, Yawing moment 
qSb 

q free-stream dynamic pressure, N/m2 (lb/ft*) 

R 
e 

Reynolds number 

2 



S wing area, m2 (ft2) 
V free-stream velocity, m/set (ft/sec) 

ci angle of attack, deg 

B angle of sideslip, deg 

R angular velocity about spin axis, rad/sec 

Qb 
2v spin coefficient, positive for clockwise spin 

'a aileron deflection, positive when right aileron is 

down, (6 -6 
aright aleft 

l/2, deg 

'd differential horizontal tail deflection, positive when 

right panel is down, (15~ 
right 

-6d l/2, deg 
left 

&e symmetrical horizontal tail deflection, positive when 

trailing edge is down, deg 

'r rudder deflection, positive when trailing edge is 

to left, deg 

Abbreviations,: 

CFT conformal fuel tanks 

cg center of gravity 

SR spin radius 

PRESENTATION OF RESULTS 

Selected rotary balance data are presented herein for 

analysis purposes. These data are presented as plots of body 

axis aerodynamic coefficients as functions of the nondimen- 

sionalized rotation rate, Rb/2V, at constant angles of attack. 

The spin axis for the presented data passed through the air- 

plane cg for angles of attack above 30°, and at a full-scale 

distance of 1.8m (72 in.) forward of the cg location for 

angles of attack of 30° or less. The data were measured at 

a Reynolds number of approximately 211,000 based on wing chord, 

and about a cg location of 0.26c'. 



The rolling and yawing-moment coefficients are damped 

for data lying in the second and fourth quadrants and pro- 

pelling for data in the first and third quadrants, when 

plotted as functions of +Qb/2V. 

DISCUSSION 

Effect of Body, Wing, and Tails 

The model was constructed such that the various compo- 

nents were removable for component build-up testing. In this 

manner, the influence of each component on the aerodynamic 

data could be determined by first testing the body alone and 

then adding each of the other components one by one. For 

these tests, data were measured for the body alone, body-wing, 

body-wing-vertical tail, and body-wing-horizontal tail combi- 

nations, as well as for the complete airplane. This was done 

for the basic F-15 body (which included the engine nacelles), 

and for the body with confonnal fuel tanks. 

Component build-up plots of each of the three aerodynamic 

moments are presented in figures 4 through 6 for the conformal 

fuel tank configuration. These figures show the data for the 

body alone and for the successive addition of each component. 

Pitch Characteristics: 

Component build-up plots of the pitching-moment coeffi- 

cient vs & are shown in figure 4 for selected angles of 

attack. Examination of these plots shows that the body alone 

generates a nose-up pitching moment at all angles of attack. 

The wing introduces a nose-down increment. The addition of 

the horizontal tail adds a further nose-down increment suffi- 

cient to make the airplane have a nose-down C 
m' Further, 

the static Cm vs angle-of-attack curve is stable, i.e., the 

pitching moment becomes more nose-down with increasing angle 

of attack. The effect of rotation rate is to further increase 

the magnitude of the nose-down moment. 



The Cm curves are generally fairly symmetrical for clock- 

wise and counter clockwise rotations, except at angles of attack 

near 60°, as seen in figure 4d. At these angles of attack, the 

curves show an unsymmetrical characteristic starting with the 

body alone that is similar to Cm curves at nonzero sideslip 

angle. This is evidently due to unsymmetrical vortex shedding 

from the nose at these angles of attack; evidence of which 

also appears in the other aerodynamic moment coefficients. 

Roll Characteristics: 

Figure 5 presents component build-up plots of the rolling- 

moment coefficient vs g for selected angles of attack. It 

is seen that the body is slightly propelling up to approxi- 

mately 40° angle of attack, and is then fairly neutral for 

higher angles of attack. As would be expected, the wing 

contributes, by far, the bulk of the rolling-moment coeffi- 

cient of the total airplane for angles of attack less than 40°, 

with the horizontal and vertical tails supplying only relatively 

small variations from the body-wing curves. 

At 20° angle of attack, figure 5a, the wing provides 

damping at all Rb/2V's. However, the wing is propelling for 

Qb/2V magnitudes less than approximately 0;35 at 30° angle of 

attack (figure 5b). Propelling rolling moments caused by the 

wing in the stall and post-stall angle-of-attack region are 

not unusual. 

In figure 5c, it is seen that at 40° angle of attack the 

horizontal tail is providing a significant propelling moment 

increment, such that the total airplane exhibits a propelling 

CL moment. For angles of attack greater than 40°, figures 

5d and 5e, the horizontal tail supplies a substantial pro- 

pelling CQ increment only at the higher Qb/2V'.s. This may 

be characteristic of airplanes with wide afterbodies; however, 

for most other configurations, the horizontal tail does not 

contribute any significant rolling moment at any angle of 

attack when compared to the wing contribution. 



It is normal for the airplane to lose all damping of the 

body axis rolling moment at 80° to 90° angle of attack. This 

is not significant, however, because the yawing moment is the 

dominant driving moment about the velocity vector at these 

angles of attack and thus determines whether a flat spin shall 

occur. If a flat spin does exist, the airplane will assume a 

small sideslip angle sufficient to balance out any rolling 

moment due to rotation. 

Yaw Characteristics: 

The component build-up plots for the yawing-moment coeffi- 

cient vs Rb/2V are presented in figure 6. Up to 20° angle of 

attack, the body and body-wing combinations provide very little 

Cn; virtually all the yawing moment is supplied by the vertical 

tails (figure 6a). At 30° angle of attack, however, even 

though the bulk of the damping is being provided by the ver- 

tical tails, the body and the wing are providing a small amount 

of damping (figure 6b). By 40° angle of attack, figure 6c, 

the body-wing combination is supplying most of the damping for 

Rb/2V values between kO.2, with the vertical tails supplying 

a large percentage of the damping only for higher rotation 

rates. As is the case for most airplanes, through this angle- 

of-attack range the addition of the wing produces a beneficial 

interference effect on the body, resulting in increased damp- 

ing. 

In the angle-of-attack range from approximately 50° to 

7o", the body exhibits a yawing-moment offset, the magnitude 

of which is greatest near 60° (figure 6d). This moment is 

evidently due to unsymmetric vortex shedding at the aircraft 

nose, mentioned previously. This phenomenon is a character- 

istic of high fineness-ratio noses. Although the magnitude 

of the offset at zero rotation rate at full-scale Reynolds 

number may be less than that measured at low Reynolds number, 

the trend of the data will be the same, i.e., if the low Re 



data show a damped (negative) or propelling slope through 
zero rotation, the full-scale data would also exhibit the 

same characteristic. 

The Cn characteristics of the body predominate over most 

of the Rb/2V range at 60° angle of attack. Here, also, it is 

seen that the addition of the vertical tails provides a damping 

increment which is, however, more than cancelled by the further 

addition of the horizontal tails. This is characteristic of 

most airplanes at high angles of attack. 

At 80° angle of attack, figure 6e, the Cn offset is gone 

and the body alone curve is damped. The addition of the wing 

results in less damping at the lower Rb/2V's and more at the 

higher values. Without the presence of the horizontal tail, 

the vertical tails provide damping: however, with the hori- 

zontal tail the vertical tail effect is negated for rotation 

rates less than approximately 0.3. 

Effect of Conformal Tanks: 

Component Data: 
The effect of conformal tanks on the body alone pitching 

and rolling characteristics is minimal. Figures 7a and b 

present plots of Cn vs Rb for 40° and 80° 2v angle of attack, 

respectively. It is seen that the addition of conformal tanks 

to the body alone results in decreased damping moment through 

this angle-of-attack range. 

The addition of the CFT's to the body-wing combination 

had negligible' effect on the rolling-moment coefficient, as 

it did on the body alone, except near 40 o angle of attack. 

At this angle of attack, the addition of the CFT's generally 

contributes a propelling increment to the basic body-wing con- 

figuration (figure 8). This is the largest difference that 

was seen in any aerodynamic coefficient as the result of adding 

conformal tanks. The yawing-moment coefficients for the body- 

wing combination show little difference due to addition of the 
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CFT's, other than what was observed for the body alone, and 

the pitching moment was negligibly affected. 

The addition of the vertical or the horizontal tails 

does not significantly alter the influence of the conformal 

tanks on the aerodynamic data beyond that observed for the body 

alone and body-wing combination except to slightly ameliorate 

the differences noted. 

Total Airplane Data: 

The conformal fuel tanks have no significant influence 

on the pitching-moment characteristics of the total airplane. 

For the rolling-moment coefficient, the data with and with- 

out conformal fuel tanks are virtually identical throughout 

the angle-of-attack. range, except at 40° angle of attack 

(figure 9) where it is seen that the CFT configuration is sig- 

nificantly more propelling in roll than the basic configuration. 

This is the same characteristic that was first seen for the 

body-wing combination. Consequently, it would be anticipated 

that the airplane with conformal tanks would possibly be more 

departure susceptible due to the propelling rolling moment in 

the 40° angle-of-attack range. 

The effect of the conformal tanks on the yawing-moment 

coefficient is minimal for angles of attack through 70°. 

At 80° angle of attack (figure lo), it is seen that the con- 

formal fuel tank equipped model exhibits less damping Cn for 
Qb 
2v values near zero. 

Pro-Spin Control Data: 

Figure 11 presents plots of yawing-moment coefficient vs 

5 at constant angles of attack for both the basic F-15 and 

the CFT equipped airplane with pro-spin controls for clockwise 
Ob (+=I spins. For angles of attack through 60°, there is no 

significant difference between the two airplanes. At 50° and 

60° angle of attack, the airplanes exhibit propelling C,'s 
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with pro-spin controls for a large range of clockwise EL&.. 
2v 

This is due to both the pro-spin controls and the large 

positive yawing-moment offset resulting from the asymmetric 

vortex shedding at the nose. At the higher angles of attack 

(figure llc), it is seen that the conformal tank configura- 

tion crosses the zero Cn axis at a greater Sib 
57 value than 

the basic airplane. This would indicate the possibility that 

the CFT airplane could have a faster and, thus, possibly 

flatter spin with pro-spin controls than the basic airplane. 

Recovery Control Data: 

At 80° angle of attack, figure 12a, substantial recovery 

yawing moment is observed for both the basic and CFT equipped 

airplanes with controls set for recovery from a clockwise 
Rb (+=I spin. There is slightly more recovery moment for the 

basic configuration in the g range of 0.2 to 0.3, which is 

the probable flat spin rotation rate. By 70° angle of attack, 

figure 12b, there is no significant difference between the two 

configurations. Figure 12c shows the yawing-moment coefficient 

at 60° angle of attack. Here it is seen that there is little 

recovery moment for either configuration at this angle of 

attack; there is actually some pro-spin moment for low g 

values. It could be anticipated that either airplane config- 

uration would be slowed in its recovery through this angle-of- 

attack range. As mentioned previously, the magnitude of the 

C offset could be Reynolds number dependent, such that less 

pzopelling moments may exist at full-scale Reynolds number. 

At the lower angles of attack, figure 12d, there is negligible 

difference between the two airplanes. 

Effect of Controls 

Figure 13 presents yawing-moment coefficient plots at 

selected angles of attack for all neutral controls and for 

a pro-spin and a recovery control setting when referenced to 

a clockwise spin. The pro-spin control setting consisted of 

9 



6O of differential tail and 20° aileron, each set against 

the spin, and a 15O rudder deflection set with the spin. 

The recovery control setting was ll" differential tail, and 

20° aileron set with the spin, and 30° rudder set against 

the spin. All of the plots are for the F-15 model with con- 

formal fuel tanks. Data for the same control settings for 

the airplane without conformal tanks are presented in refer- 

ence 1. The effect of control settings is similar for both 

configurations. 

The yawing-moment coefficient data for 30° angle of attack 

are generally characteristic of the low angle-of-attack Cn 

data (figure 13a). The effect of controls appears to be fairly 

constant over the g range, and the incremental yawing-moment 

coefficient between the neutral and pro-spin and between the 

neutral and recovery control settings is roughly proportioned 

to the differential tail deflection. In the angle-of-attack 

range of 50° to 70° (figures 13b and c), much of the linear- 

ity has disappeared, most probably due to the interaction of 

the asymmetric vortex shedding. At 60°, some propelling 

moment is still present even with recovery controls, due to 

the large Cn offset. By 80° angle of attack, figure 13d, the 

incremental effect of control deflection on yawing-moment 

coefficient is more nearly linear than it was in the 50° to 

70° angle-of-attack range, and a large recovery moment is 

observed for recovery controls. 

Effect of Differential Tail Deflection 

The effect of differential tail deflection alone is shown 

in figures 14 and 15 for the rolling and yawing-moment coeffi- 

cients, respectively. For angles of attack up to 30° (figures 

14a and b), the incremental rolling-moment coefficient due 

to differential tail deflection is reasonably linear and 

constant with rotation. For angles of attack greater than 30°, 

however, the control effectiveness is generally no longer 

10 



linear with deflection nor constant with rotation (figures 

14c and d). At the higher angles of attack, there is 

generally a small incremental rolling moment due to a 6O 

differential tail deflection, but no additional increment 

is realized by increasing the deflection (figure 14e). 

The yawing-moment coefficient plots show that at 20° angle 

of attack there is only a small proverse increment due to dif- 

ferential tail deflection (figure 15a). By 30° angle of attack 

and above, the effect of differential tail deflection is always 

to produce adverse yaw. At the higher angles of attack, the 

incremental yawing moments due to differential tail deflection 

are significant, but are not generally linear with control 

deflection nor constant with rotation rate. The above results 

indicate that in the high angle-of-attack flight regime the 

differential tail is an effective yaw producer rather than a 

roll controller. 

Predicted Spin Modes 

Prediction of equilibrium steady-state spin modes can be 

quickly made using rotary balance aerodynamic data. A computer 

search is used to determine what, if any, conditions (i.e., 

angle of attack, rotation rate, etc.) result in a balance of 

the three aerodynamic and inertial moments. An outline of the 

method and a historical background are contained in reference 4. 

The predictions of clockwise spins for the F-15 airplane 

with and without conformal fuel tanks are contained in Table I. 

For pro-spin controls, consisting of ailerons and differential 

tails set against the spin, and rudder deflected with the spin, 

the results show that the CFT configured airplane exhibits a 

very slightly flatter and faster flat spin mode compared to the 

basic airplane. 

Table I also shows the predicted spin modes for each con- 

figuration with lateral-directional controls neutralized and 

stick full aft. For this control setting, moderately flat spin 
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modes at 65O and 66O are predicted for the basic and the CFT 

configuration, respectively. 

With recovery controls, the flat spin mode is eliminated 

and both configurations show a weak equilibrium at 58O angle 

of attack. This equilibrium is due to the large positive 

yawing-moment offset in this angle-of-attack region, and for 

this model, therefore, would only occur for clockwise rota- 

tions. 

Free-spinning tests performed in the Langley Spin Tunnel 

showed excellent correlation with the predicted spin modes for 

pro-spin controls, as demonstrated in Table II. The prelim- 

inary spin tunnel results showed that the CFT configured model 

did spin slightly flatter and faster than the basic model, 

as predicted. 

Flight-test results also agreed closely with predictions. 

A typical flight-test spin time history, from reference 6, 

showed that the full-scale airplane exhibited a 75O right spin 

at approximately 3 seconds per turn. The correlation between 

the predicted steady spin mode and that observed during flight 

test is considered excellent, especially when it is appreci- 

ated that flight test cannot often achieve the idealized situ- 

ation available to the analyst. The spin time history in 

reference 6, for example, showed that the pro-spin controls 

were removed at approximately the time the quoted peak rota- 

tion rate was obtained so that it is uncertain whether the air- 

plane had achieved its final steady-state spin at that time. 

The static pitching-moment coefficient for this airplane 

shows a noticeable shift due to Reynolds number, as discussed 

in the next section. The influence of this Re effect on the 

predicted spin modes was investigated by adding a nose-down 

incremental pitching-moment coefficient sufficient to make the 

static rotary balance Cm agree with those measured during Ames 

high Reynolds number tests. This resulted in only a slight 

change in the predicted flat spin mode, with the angle of 

12 



attack going from 80° to 77O while the rate of rotation was 

unchanged. 

With the lateral controls undeflected and the stick full 

aft, the free-spinning basic F-15 model showed an oscillatory 

spin at 4.8 seconds per turn with the angle of attack varying 

between 55O and 67O (reference 5). The rotary balance predicts 

a spin mode at 65O and 5.1 seconds per turn for the stick aft 

(Table I). Predicted spin equilibrium points may not result 

in steady spins; the spin prediction technique assumes that 

the angular accelerations are zero. If the accelerations are, 

in fact, near zero, a steady spin will occur. If, however, 

the stability of the spin mode is weak, such that the accelera- 

tions do not approach zero, an oscillatory spin may result in 

the angle-of-attack region of the predicted equilibrium, as is 

apparently true in this case. 

With recovery controls, the spin-tunnel results showed 

recoveries occurring for the basic airplane in approximately 

four turns (reference 5), and in approximately six turns for 

the conformal tank equipped model. Flight-test results for the 

basic F-15 also showed that the basic airplane recovered in 

approximately four turns. 

In none of the experimental tests did the airplanes seek 

the predicted weak equilibrium at 58O angle of attack. However, 

it was noted from the flight-test time histories that the angle 

of attack remained near 60° for some time before continuing to 

decrease, while the rotation rate decreased more slowly. The 

flight-test results further indicate that "the aerodynamic 

recovery capability in the right spin was significantly 

decreased at 62O to 65O AOA. In the left spin, decreased 

capability was not exhibited at these AOA's." These results 

indicate that a yawing-moment offset, observed during the rotary 

balance tests at these angles of attack, was also present on 

the full-scale airplane. In this case, the yawing moments were 

offset positively for both the rotary balance model and the air- 

plane, though this need not necessarily be true. 
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Effect of Reynolds Number 

The ability to predict airplane spin characteristics has 

been greatly amplified by the existence of viable rotary 

balance data. The data measured by the rotary balance in the 

Langley Spin Tunnel are measured at low Reynolds number. 

Since there is, currently, no operational facility which can 

provide comparable data at the high Re approaching that of 

the full-scale airplane, it is not possible to measure the 

Reynolds number effects on the rotary data. To provide some 

measure of the effect of R e, however, the static rotary data 

(measured at Qb/2V=O) can be compared to static force test 

results gathered at higher Re. Approximate values of CR and 
B 

C 
% 

were calculated as ACE/At3 and ACn/Af3 using +lO" sideslip 

data at zero Rb/2V. These data are shown in figures 16 and 

17 for both the basic F-15 and the airplane with conformal 

tanks. 

The static rotary balance data exhibit stable Cg 's at 
8 

all angles of attack except for a small region near stall at 

3o". Also shown in figure 16 is comparable data measured for 

the F-15 in the Ames 12-foot pressure tunnel at a Reynolds 

number of 4.8 x 106, based on wing chord (from reference 7). 

Comparison of these data to the static rotary balance data 

shows that the lower R e rotary balance data agrees well with 

that measured at a much higher Re, except near 30° angle of 

attack. At this angle of attack, the Ames data do not show the 

loss of dihedral effect seen in the rotary balance data. 

The C 
I.93 

values are stable for angles of attack less than approx- 

imately 20°, and unstable for higher angles. The Ames higher 

Reynolds number data agree reasonably well with the rotary bal- 

ance data up to approximately 45O. For angles of attack greater 

than 45O, the Ames data show essentially neutral C values 
% 

whereas the rotary balance data remain slightly unstable. 
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The static pitching-moment coefficient (measured at 

Ob/2V=O) is plotted as a function of angle of attack in figure 

18. Also shown are currently unpublished high-angle-of-attack 

Cm data measured for an F-15 model at the Ames 12-foot pressure 

tunnel for two Reynolds numbers during 1981. Both the Ames 

data sets show generally more negative pitching-moment coeffi- 

cients at a given angle of attack than was measured on the 

rotary balance. 
The difference in static pitching-moment coefficient is 

due to Reynolds number effects. This is demonstrated in figure 

19, which is based on data taken from reference 7, showing the 

variation of C with R m e for this airplane at three angles of 

attack. These results indicate that predicted spin modes 

based on low Reynolds number rotary balance data may differ 

slightly from those observed at full-scale Reynolds number, 

since the pitching moment is instrumental in determining the 

spin modes. It was seen, however, as mentioned in the previous 

section, that the correlation between the predicted flat spin 

using low Reynolds number rotary data and the flight-test 

result was excellent. For this airplane, at least, the low 

R 
e rotary balance data are adequate for spin prediction. 

CONCLUDING REMARKS 
The rotary balance data indicate that the F-15 is basically 

a good aerodynamic design for spin resistance; the airplane has 

a yawing-moment coefficient vs Rb/2V curve that has a damped 

slope at all angles of attack; it has a stable pitching moment, 

and the control effectiveness remains good throughout the 

angle-of-attack range, providing aerodynamic recovery moments 

at the flat spin attitude. There is, however, a nonzero yaw- 

ing-moment coefficient at zero rotation and sideslip angle in 

the region near 60° angle of attack, which evidently slows 

recoveries. There is some propelling rolling-moment coefficient 

in the post-stall region which could indicate a departure tend- 

ency , which would be greater for the conformal tank equipped 
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airplane. 

Generally, differences in the rotary aerodynamic data due 

to the addition of conformal fuel tanks are minimal. However, 

the small differences at the flat spin attitudes and rota- 

tion rate are sufficient to cause the CFT equipped airplane 

to spin slightly flatter and faster. This result was pre- 

dicted from the aerodynamic data and observed during prelim- 

inary free-spinning tests. Free-spinning tests showed a sig- 

nificant decrease in spin recovery capability for the CFT 

equipped model, which is not readily apparent from the rotary 

data. However, this could result from the fact that the CFT 

airplane spins flatter and faster and thus requires more time 

for recovery. Also, there is a small reduction in the recovery 

moment available for the CFT airplane with recovery controls, 

although the difference appears slight. 

Predicted spin modes using the rotary balance data show 

good agreement with flight-test and spin-tunnel results. A 

shift in the static pitching-moment curve due to a Reynolds 

number effect was demonstrated to have a minimal effect on the 

predicted flat spin mode. This study indicates that it is 

possible to adequately predict full-scale spin modes employing 

low Re rotary balance data. 
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TABLE I.- PREDICTED SPIN MODES FOR CLOCKWISE SPINS 

CONTROL DEFLECTIONS I BASIC F-15 PREDICTED SPIN I CFT F-15 PREDICTED SPIN I COMMENTS 
6 6 Ad 6 Ad 6 set set 

A= ’ d;g - 6r ' dEg - Rb Rb V V a a set set fib fib V V e e 
deg deg deg" deg" da da 

turn turn 2v 2v m/set m/set deg deg turn turn 2v 2v 
eg eg 

ml set ml set 
(ft/sec) (ft/sec) (ft/sec) (ft/sec) 

0 0 +6 +6 +20 +20 -15 -15 80 80 2.7 2.7 0.21 0.21 (2::) (2::) 81 81 2.3 2.3 0..23 0..23 (2::) (2::) Pro-spin controls Pro-spin controls 

25 25 0 0 0 0 0 0 65 65 5.1 5.1 0.10 0.10 (2% (2% 66 66 5.6 5.6 0.09 0.09 (2:;) (2:;) Lateral-directional Lateral-directional 
controls neutral- controls neutral- 
ized, ized, stick aft stick aft 

0 0 -6 -6 -20 -20 +30 +30 58 58 5.4 5.4 0.09 0.09 58 58 5.9 5.9 0.08 0.08 Recovery controls Recovery controls 
(weak equilibrium) (weak equilibrium) 
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TABLE II.- COb 

CONFIGURATION 

ARISON OF PREDICTED SPI 

CONTROLS 

S 

T 

MODES WITH PRELIMINARY 

PREDICTED SPINS 

PIN TUNNEL RESULTS 

SPIN TUNNEL RESULTS ) 
6 e 

deg 
'd 

deg 

+6 

6 a 
deg 

+20 

I 

6 r 
deg 

-15 

I 

c1 set fib 
deg turn 2v 

a set .Qb 
deg turn 2v 

v I 
m/set 
ft/sec 

1 

i 

(2:t) 

V 
nlsec 
ft/sec 

74 
(244) 

$8) 

85 
(278) 

( 

2.4 0.24 

2.1 0.28 

-4 turn recovery 

Basic F-15 80 2.7 0.21 

81 2.3 0.23 

81 

84 F-15 w/CFT's 

56 6.1 ; 0.08 

56 6.5 0.07 -I- 
Basic F-15 

F-15 w/CFT's 

-11 

I 

+30 

I -6 turn recovery 
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a) Front quarter view 

Figure l.- Photograph of l/12-scale model installed on the rotary balance apparatus. 



L-81 -6247 

b) View from below model 

Figure l.- Concluded. 



I- 1.59 
(5.21) ------+ 

Figure 2.- Three-view sketch of l/12-scale model. 
(Dimensions are given in meters (feet).) 
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Figure 3.- Sketch of l/12-scale model with conformal fuel tanks 
shown as shaded area. 



a) 20° angle of attack. 

Figure 4.- Component build-up of the pitching-moment coefficient 
for the conformal fuel tank configured airplane. 



b) 30° angle of attack. 

E Figure 4.- Continued. 



c) 40° angle of attack. 

Figure 4.- Continued. 



d) 60° angle of attack. 

2 Figure 4.- Continued. 



e) 80' angle of attack. 

Figure 4.- Concluded. 
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a) 20" angle of attack. 
h, 
W 

Figure 5.- Component build-up of the rolling-moment coefficient 
for the conformal fuel tank configured airplane. 



b) 30' angle of attack. 

Figure 5.- Continued. 
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cl 40° angle of attack. 

Figure 5.- Continued. 
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d) 60° angle of attack. 

Figure 5.- Continued. 
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e) 80' angle of attack. 

w” Figure 5.- Concluded. 



a) 20° angle of attack. 

Figure 6.- Component build-up of the yawing-moment coefficient 
for the conformal fuel tank configured airplane. 



b) 30° angle of attack. 

Figure 6.- Continued. 



cl 40° angle of attack. 

Figure G.- Continued. 



d) 60° angle of attack. 
W ci Figure 6.- Continued. 



e) 80° angle of attack. 

Figure 6.- Concluded. 



a) 40° angle of attack. 
W 
W Figure 7.- Effect of adding conformal fuel tanks on the yawing-moment coefficient 

for the body alone. 
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b) 80° angle of attack. 

Figure 7.- Concluded. 
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Figure 8.- Effect of adding conformal fuel tanks on the rolling-moment coefficient 

bP 
P for the body + wing at 400 angle of attack. 



Figure 9.- Effect of adding conformal fuel tanks on the rolling-moment coefficient 
for the basic airplane with neutral controls. 40° angle of attack. 



IP Effect of adding conformal fuel tanks on the awing-moment coefficient u Figure lO.- 
x m for the basic airplane with neutral controls. 80 angle of attack. 



a) 50' angle of attack. 

Figure ll.- Effect of adding conformal fuel tanks on the yawing-moment coefficient for the 
basic airplane with right pro-spin controls. 6,=0; gd=60; 8a=200; dr= -15O. 
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b) 60° angle of attack. 

Figure ll.- Continued. 



c) 80° angle of attack. 

Figure ll.- Concluded. 



a) 80° angle of attack. 
bP 
4 Figure 12.- Effect of adding conformal fuel tanks on the yawing-moment coefficient 

for the basic airplane with right recovery controls. 6,=0; tSd= -6'; tia= -2OO; 
6,=300. 
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b) 70° angle of attack. 

Figure 12.- Continued. 



bP c) 60° angle of attack. 
ID 

Figure 12.- Continued. 



d) 40° angle of attack. 

Figure 12.- Concluded. 



a) 30° angle of attack. 

Figure 13.- Effect of control deflections on the yawing-moment coefficient 
for tne basic airplane with conformal tanks. 



b) 50° angle of. attack. 

Figure 13.- Continued. 



cl 60° angle of attack. 

Figure 13.- Continued. 



d) 80' angle of attack. 

Figure 13.- Concluded. 
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a) 20° angle of attack. 

Figure 14.- Effect of differential tail deflection on the rolling-moment coeffi 
for the basic airplane with conformal tanks, all other controls neutral. 





cl 40° angle of attack. 

Figure 14.- Continued. 



d) 50° angle of attack. 

Figure 14.- Continued. 



e) 70' angle of attack. 

Figure 14.- Concluded. 



a) 20° angle. of attack. 

Figure 15.- Effect of differential tail deflection on the yawing-moment coefficient 
for the basic airplane with conformal fuel tanks, all other controls neutral. 



b) 30° angle of attack. 
r Figure 15.- Continued. 



cl 40° angle of attack. 

Figure 15.- Continued. 
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d) 50° angle of attack. 

Figure 15.- Continued. 



e) 70° angle of attack. 

Figure 15.- Concluded. 
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